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DESCRIPTION
Engine Misfire Detection Apparatus for Internal Combustion Engine

and Engine Misfire Detection Method

Technical Field

[{0001] The present invention relates to an engine misfire detection
apparatus for an internal combustion engine and a corresponding
engine misfire detection method. More specifically the invention
pertains to an engine misfire detection apparatus for detecting
amisfire of amulti-cylinder internal combustion engine in a hybrid
system where the internal combustion engine is equipped with an
emission control device for emission control in an exhaust system,
as well as a corresponding engine misfire detection method for the

internal combustion engine.

Background Art

[0002] One proposed structure of an engine misfire detection
apparatus detects amisfire of an engine mounted on a vehicle, based
on an output torque command value of a first motor generator (see,
for example, Japanese Patent Document 1) . This vehicle is equipped
with the engine, a planetary gear mechanism that has a carrier
connected to a crankshaft of the engine and a ring gear connected
to an axle of the vehicle, the first motor generator that is
connected to a sun gear of the planetary gear mechanism, and a second
motor generator that is connected to the axle. The engine misfire

detection apparatus of this proposed structure varies the output
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torque of the first motor generator in synchronism with an
explosive combustion timing of the engine, in order to
reduce a potential vibration caused by torque pulsation of
the engine. An engine misfire is detected in response to a
significant fall of the output torque command value from its
previous value.

Patent Document 1: Japanese Patent Laid-Open No. 2000-240501

Disclosure of the Invention

[0003] The vehicle of the above structure is drivable with
the output power of the second motor generator. When an
emission control device for controlling the emission from
the engine has not been warmed up sufficiently to attain
required functions, specific engine control different from
standard engine control is performed to delay the ignition
timing and wait for the sufficient warm-up of the emission
control device. The torque pulsation of the engine under
this specific engine control is different from the torque
pulsation under the standard engine control. This may
require different vibration control of the first motor
generator. There is accordingly a probability of failed
detection of an engine misfire according to the output
torque command value of the first motor generator.

[0004] A need exists to provide an engine misfire detection
apparatus for the internal combustion engine and a
corresponding engine misfire detection method that attain
accurate detection of a misfire of an internal combustion
engine equipped with an emission control device for emission

control in an exhaust
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system, regardless of execution or completion of warm-up
acceleration control of the emission control device. An object of
the invention is to provide the engine misfire detection apparatus
for the internal combustion engine and the corresponding engine
misfire detection method that attain accurate and effective
identification of a misfire of the internal combustion engine
equipped with the emission control device for emission control in
the exhaust system, regardless of execution or completion of
warm-up acceleration control of the emission control device.
[0005] In order to attain at least part of the above and the other
related objects, an engine misfire detection apparatus for an
internal combustion engine and a corresponding engine misfire
detection method of the present invention have the configurations
discussed below.

(0006] According to one aspect, the present invention is directed
to an engine misfire detection apparatus for detecting a misfire
of a multi-cylinder internal combustion engine in a hybrid system
where the internal combustion engine is equipped with an emission
control device for emission control in an exhaust system. The
engine misfire detection apparatus includes: a rotational position
detector that detects a rotational position of an output shaft of
the internal combustion engine; a unit angle rotation time
computation module that computes a unit angle rotation time, as
a time required for rotation of every preset unit rotational angle
of the output shaft of the internal combustion engine, from the

detected rotational position; and an engine misfire identification




module. When the internal combustion engine is under warm-up
acceleration control for accelerating warm-up of the emission
control device, the engine misfire identification module divides
multiple engine misfire patterns into at least two preset groups
based on the computed unit angle rotation time and identifies a
current engine misfire among the multiple engine misfire patterns.
When the internal combustion engine is not under the warm-up
acceleration control, the engine misfire identification module
divides the multiple engine misfire patterns into plural groups
different from the preset groups based on the computed unit angle
rotation time and identifies the current engine misfire among the
multiple engine misfire patterns.

[0007] When the multi-cylinder internal combustion engine is under
the warm-up acceleration control for accelerating the warm-up of
the emission control device attached to the exhaust system of the
internal combustion engine for emission control, the enginemisfire
detection apparatus for the internal combuétion engine according
to one aspect of the invention computes the unit angle rotation
time, as the time required for rotation of every preset unit
rotational angle of the output shaft of the internal combustion
engine, from the rotational position of the output shaft of the
internal combustion engine, divides the multiple engine misfire
patterns into at least two preset groups based on the computed unit
angle rotation time, and identifies the current engine misfire
among the multiple engine misfire patterns. When the internal

combustion engine is not under the warm-up acceleration control,




the engine misfire detection apparatus computes the unit angle
rotation time, divides the multiple engine misfire patterns into
plural groups different from the preset groups based on the computed
unit angle rotation time, and identifies the current engine misfire
among the multiple engine misfire patterns. This arrangement
ensures accurate detection of misfires of the internal combustion
engine, regardless of execution or completion of the warm-up
acceleration control of the emission control device.

[0008] In the engine misfire detection apparatus of the invention,
the multiple engine misfire patterns identified by the engine
misfire identification module may include a single engine misfire
pattern with only one misfired cylinder among the multiple
cylinders of the internal combustion engine, a consecutive engine
misfire pattern with two consecutive misfired cylinders among the
multiple cylinders, and an intermittent engine misfire patternwith
two misfired cylinders located across one fired cylinder among the
multiple cylinders. Here, in one preferable embodiment of the
engine misfire detection apparatus, when the internal combustion
engine is under the warm-up acceleration control, the engine
misfire identification module divides the multiple engine misfire
patterns into a group of the single engine misfire pattern and the
intermittent engine misfire pattern and a group of the consecutive
engine misfire pattern based on the computed unit angle rotation
time and identifies the current engine misfire among the multiple
engine misfire patterns. When the internal combustion engine is

not under the warm-up acceleration control, on the other hand, the




engine misfire identification module divides the multiple engine
misfire patterns into a group of the single engine misfire pattern
and the consecutive engine misfire pattern and a group of the
intermittent engine misfire pattern based on the computed unit
angle rotation time and identifies the current engine misfire among
the multiple engine misfire patterns. This arrangement ensures
accurate and effective identification of a pattern of a misfire
of the internal combustion engine, regardless of execution or
completion of warm-up acceleration control of the emission control
device.

[0009] In this preferable embodiment, when the internal combustion
engine is under the warm-up acceleration control, the engine
misfire identification module may identify the current engine
misfire as the group of the consecutive engine misfire pattern in
response to the computed unit angle rotation time that exceeds a
preset first time, and identifies the current engine misfire as
the group of the single engine misfire pattern and the intermittent
engine misfire pattern in response to the computed unit angle
rotation time that does not exceed the preset first time but exceeds
a preset second time shorter than the first time. When the internal
combustion engine is not under the warm-up acceleration control,
the engine misfire identification module may identify the current
engine misfire as the group of the intermittent engine misfire
pattern in response to the computed unit angle rotation time that
exceeds a preset third time, and identify the current engine misfire

as the group of the single engine misfire pattern and the consecutive




engine misfire pattern in response to the computed unit angle
rotation time that does not exceed the preset third time but exceeds
a preset fourth time shorter than the third time. This arrangement
ensures accurate and effective identification of a pattern of a
misfire of the internal combustion engine, during execution of
warm-up acceleration control of the emission control device.
[0010] In the above preferable embodiment, when the internal
combustion engine is under the warm-up acceleration control; the
engine misfire identification module discriminates the group of
the single engine misfire pattern and the intermittent engine
misfire pattern from the group of the consecutive engine misfire
pattern and may identify the current engine misfire between the
single engine misfire pattern and the intermittent engine misfire
pattern based on a preset angle difference of the computed unit
angle rotation time. In this case, when the internal combustion
engine is under the warm-up acceleration control, the engine
misfire identification module discriminates the group of the single
engine misfire pattern and the intermittent engine misfire pattern
from the group of the consecutive engine misfire pattern and may
identify the current engine misfire between the single engine
misfire pattern and the intermittent engine misfire pattern based
on either of a 360-degree difference and a 120-degree difference
of the computed unit angle rotation time. Inthis case, furthermore,
when the internal combustion engine is under the warm-up
acceleration control, the engine misfire identification module

discriminates the group of the single engine misfire pattern and




the intermittent engine misfire pattern from the group of the
consecutive engine misfire pattern and may identify the current
engine misfire as the single engine misfire pattern in response
to the 360-degree difference exceeding a preset first threshold
value only once in a 720-degree range and the 120-degree difference
exceeding a preset second threshold value only once in the
720-degree range, while identifying the current engine misfire as
the intermittent engine misfire pattern in response to the
360-degree difference exceeding the preset first threshold value
twice in the 720-degree range and the 120-degree difference
exceeding the preset second threshold value twice in the 720-degree
range. This arrangement ensures accurate and effective
identification of a pattern of a misfire of the internal combustion
engine, during execution of warm-up acceleration control of the
emission control device.

[0011] In the above preferable embodiment, when the internal
combustion engine is not under the warm-up acceleration control,
the engine misfire identification module discriminates the group
of the single engine misfire pattern and the consecutive engine
misfire pattern from the group of the intermittent engine misfire
pattern and may identify the current engine misfire between the
single engine misfire pattern and the consecutive engine misfire
pattern based on a preset angle difference of the computed unit
angle rotation time. In this case, when the internal combustion
engine is not under the warm-up acceleration control, the engine

misfire identification module discriminates the group of the single




engine misfire pattern and the consecutive engine misfire pattern
from the group of the intermittent engine misfire pattern and may
identify the current engine misfire between the single engine
misfire pattern and the consecutive engine misfire pattern based
on either of a 360-degree difference and a 120-degree difference
of the computed unit angle rotation time. Inthis case, furthermore,
when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire identification module
discriminates the group of the single engine misfire pattern and
the consecutive engine misfire pattern from the group of the
intermittent engine misfire pattern and may identify the current
engine misfire as the single engine misfire pattern based on
patterns of the 360-degree difference and the 120-degree difference
of the computed unit angle rotation time, while identifying the
current engine misfire as the consecutive engine misfire pattern
in response to failed identification as the single engine misfire
pattern based on the patterns of the 360-degree difference and the
120-degree difference of the computed unit angle rotation time.
This arrangement ensures accurate and effective identification of
a pattern of a misfire of the internal combustion engine, during
non-execution of warm-up acceleration control of the emission
control device.

[0012] In the engine misfire detection apparatus of the invention,
the engine misfire identification module may divide the multiple
engine misfire patterns into the at least two groups based on the

computed unit angle rotation time and identify the current engine




misfire in one of the at least two groups based on a preset angle
difference of the computed unit angle rotation time. This
arrangement ensures accurate and effective identification of a
pattern of a misfire of the internal combustion engine. Here, the
preset angle difference may be either of a 360-degree difference
and a 120-degree difference.

[0013] According to another aspect, the present invention is
directed to an engine misfire detection method of detecting a
misfire of a multi-cylinder internal combustion engine in a hybrid
system where the internal combustion engine is equipped with an
emission control device for emission control in an exhaust system.
When the internal combustion engine is under warm-up acceleration
control for accelerating warm-up of the emission control device,
the engine misfire detection method computes a unit angle rotation
time, as a time required for rotation of every preset unit rotational
angle of an output shaft of the internal combustion engine, from
a rotational position of the output shaft of the internal combustion
engine, divides multiple engine misfire patterns into at least two
preset groups based on the computed unit angle rotation time, and
identifies a current engine misfire among the multiple engine
misfire patterns. When the internal combustion engine is not under
the warm-up acceleration control, the engine misfire detection
method computes the unit angle rotation time, divides the multiple
engine misfire patterns into plural groups different from the
preset groups based on the computed unit angle rotation time, and

identifies the current engine misfire among the multiple engine

10




misfire patterns.

[0014] When the multi-cylinder internal combustion engine is under
the warm-up acceleration control for accelérating the warm-up of
the emission control device attached to the exhaust system of the
internal combustion engine for emission control, the engine misfire
detection method for the internal combustion engine of the
invention computes the unit angle rotation time, as the time
required for rotation of every preset unit rotational angle of the
output shaft of the internal combustion engine, from the rotational
position of the output shaft of the internal combustion engine,
divides the multiple engine misfire patterns into at least two
preset groups based on the computed unit angle rotation time, and
identifies the current engine misfire among the multiple engine
misfire patterns. When the internal combustion engine is not under
the warm-up acceleration control, the engine misfire detection
method computes the unit angle rotation time, divides the multiple
engine misfire patterns into plural groups different from the
preset groups based on the computed unit angle rotation time, and
identifies the current engine misfire among the multiple engine
misfire patterns. This arrangement ensures accurate detection of
misfires of the internal combustion engine, regardless of execution
or completion of the warm-up acceleration control of the emission
control device.

[0015] In one preferable embodiment of the engine misfire detection
method of the invention, the multiple engine misfire patterns

include a single engine misfire pattern with only one misfired
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cylinder among the multiple cylinders of the internal combustion
engine, a consecutive engine misfire pattern with two consecutive
misfired cylinders among the multiple cylinders, and an
intermittent engine misfire pattern with two misfired cylinders
located across one fired cylinder among the multiple cylinders.
In this preferable embodiment, when the internal combustion engine
is under the warm-up acceleration control, the engine misfire
detection method divides the multiple engine misfire patterns into
a group of the single engine misfire pattern and the intermittent
engine misfire pattern and a group of the consecutive engine misfire
pattern based on the computed unit angle rotation time and
identifies the current engine misfire among the multiple engine
misfire patterns. When the internal combustion engine is not under
the warm-up acceleration control, the engine misfire detection
method dividing the multiple engine misfire patterns into a group
of the single engine misfire pattern and the consecutive engine
misfire pattern and a group of the intermittent engine misfire
pattern based on the computed unit angle rotation time and
identifying the current engine misfire among the multiple engine
misfire patterns.

[0016] In this preferable embodiment, when the internal combustion
engine is under the warm-up acceleration control, the engine
misfire identification method may identify the current engine
misfire as the group of the consecutive engine misfire pattern in
response to the computed unit angle rotation time that exceeds a

preset first time, and identify the current engine misfire as the
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group of the single engine misfire pattern and the intermittent
engine misfire pattern in response to the computed unit angle
rotation time that does not exceed the preset first time but exceeds
a preset second time shorter than the first time, and when the
internal combustion engine is not under the warm-up acceleration
control, the engine misfire identification method may identify the
current engine misfire as the group of the intermittent engine
misfire pattern in response to the computed unit angle rotation
time that exceeds a preset third time, and identify the current
engine misfire as the group of the single engine misfire pattern
and the consecutive engine misfire pattern in response to the
computed unit angle rotation time that does not exceed the preset
third time but exceeds a preset fourth time shorter than the third
time.

[0017] In the above preferable embodiment, when the internal
combustion engine is under the warm-up acceleration control, the
engine misfire detection method discriminates the group of the
single engine misfire pattern and the intermittent engine misfire
pattern from the group of the consecutive engine misfire pattern
and may identify the current engine misfire between the single
engine misfire pattern and the intermittent engine misfire pattern
based on a preset angle difference of the computed unit angle
rotation time. In this case, when the internal combustion engine
is under the warm-up acceleration control, the engine misfire
detection method discriminates the group of the single engine

misfire pattern and the intermittent engine misfire pattern from




the group of the consecutive engine misfire pattern and may identify
the current engine misfire between the single engine misfire
pattern and the intermittent engine misfire pattern based on either
of a 360-degree difference and a 120-degree difference of the
computed unit angle rotation time. In this case, furthermore, when
the internal combustion engine is under the warm-up acceleration
control, the engine misfire detection method discriminates the
group of the single engine misfire pattern and the intermittent
engine misfire pattern from the group of the consecutive engine
misfire pattern and may identify the current engine misfire as the
single engine misfire pattern in response to the 360-degree
difference exceeding a preset first threshold value only once in
a 720-degree range and the 120-degree difference exceeding a preset
second threshold value only once in the 720-degree range, while
identifying the current engine misfire as the intermittent engine
misfire pattern in response to the 360-degree difference exceeding
the preset first threshold value twice in the 720-degree range and
the 120-degree difference exceeding the preset second threshold
value twice in the 720-degree range. This arrangement ensures
accurate and effective identification of a pattern of a misfire
of the internal combustion engine, during execution of warm-up
acceleration control of the emission control device.

[0018] In the above preferable embodiment, when the internal
combustion engine is not under the warm-up acceleration control,
the engine misfire detection method discriminates the group of the

single engine misfire pattern and the consecutive engine misfire
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pattern from the group of the intermittent engine misfire pattern
and may identify the current engine misfire between the single
engine misfire pattern and the consecutive engine misfire pattern
based on a preset angle difference of the computed unit angle
rotation time. In this case, when the internal combustion engine
is not under the warm-up acceleration control, the engine misfire
detection method discriminates the group of the single engine
misfire pattern and the consecutive engine misfire pattern from
the group of the intermittent engine misfire pattern and may
identify the current engine misfire between the single engine
misfire pattern and the consecutive engine misfire pattern based
on either of a 360-degree difference and a 120-degree difference
of the computed unit angle rotation time. Inthis case, furthermore,
when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire detection method
discriminates the group of the single engine misfire pattern and
the consecutive engine misfire pattern from the group of the
intermittent engine misfire pattern and may identify the current
engine misfire as the single engine misfire pattern based on
patterns of the 360-degree difference and the 120-degree difference
of the computed unit angle rotation time, while identifying the
current engine misfire as the consecutive engine misfire pattern
in response to failed identification as the single engine misfire
pattern based on the patterns of the 360-degree difference and the
120-degree difference of the computed unit angle rotation time.

This arrangement ensures accurate and effective identification of
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a pattern of a misfire of the internal combustion engine, during
non-execution of warm-up acceleration control of the emission
control device.

[0019] In the engine misfire detection method of the invention, the
engine misfire detection method may divide the multiple engine
misfire patterns into the at least two groups based on the computed
unit angle rotation time and identify the current engine misfire
in one of the at least two groups based on a preset angle difference
of the computed unit angle rotation time. This arrangement ensures
accurate and effective identification of a pattern of a misfire
of the internal combustion engine. Here, the preset angle
difference may be either of a 360-degree difference and a 120-degree

difference.

Brief Description of the Drawings

[0020] Fig. 1 schematically illustrates the configuration of a
hybrid vehicle 20 in one embodiment of the invention; Fig. 2
schematically illustrates the configuration of an engine 22; Fig.
3 is a flowchart showing an engine misfire detection routine
executed by an engine ECU24; Fig. 4 is a flowchart showing a T30
computation routine; Fig. 5 is a flowchart showing a single misfire
consecutive misfire identification routine; Fig. 6 shows a
variation in 360-degree difference A360 in a 720-degree range of
a crank angle CA; Fig. 7 is a flowchart showing a single misfire
intermittent misfire identification routine; Fig. 8 shows

variations in 360-degree difference A360 and in 120-degree
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difference Al120 against the crank angle CA in the case of single
engine misfire; Fig. 9 shows variations in 360-degree difference
A360 and in 120-degree difference Al120 against the crank angle CA
in the case of intermittent engine misfires; Fig. 10 schematically
illustrates a hybrid vehicle 120 of a modified structure; and Fig.
11 schematically illustrates a hybrid vehicle 120 of another

modified structure.

Best Modes of Carrying Out the Invention

[0021] One mode of carrying out the invention is described below
as a preferred embodiment with reference to the accompanied
drawings. Fig. 1 schematically illustrates the configuration of
a hybrid vehicle 20 equipped with an engine misfire detection
apparatus for an internal combustion engine in one embodiment of
the invention. As illustrated, the hybrid vehicle 20 of the
embodiment includes an engine 22, a three shaft-type power
distribution integration mechanism 30 that is linked to a
crankshaft 26 or an output shaft of the engine 22 via a damper 28
as a torsional element, a motor MGl that is linked to the power
distribution integration mechanism 30 and has power generation
capability, a reduction gear 35 that is attached to a ring gear
shaft 32a or a driveshaft connected to the power distribution
integration mechanism 30, a motor MG2 that is linked with the
reduction gear 35, and a hybrid electronic control unit 70 that
controls the operations of the whole hybrid vehicle 20. In the

hybrid vehicle 20 of this embodiment, an engine electronic control
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unit 24 for controlling the operations of the engine 22
substantially works as the engine misfire detection apparatus for
the internal combustion engine.

[0022] The engine 22 is a six-cylinder internal combustion engine
that consumes a hydrocarbon fuel, such as gasoline or light oil,
to output power. As shown in Fig. 2, the air cleaned by an air
cleaner 122 and taken in via a throttle valve 124 is mixed with
the atomized fuel injected from a fuel injection valve 126 provided
for each cylinder to the air-fuel mixture. The air-fuel mixture
is introduced into a combustion chamber by means of an intake valve
128. The introduced air-fuel mixture is ignited with spark made
by a spark plug 130 to be explosively combusted. The reciprocating
motions of a piston 132 by the combustion energy are converted into
rotational motions of the crankshaft 26. The exhaust from the
engine 22 goes through an emission control device (filled with a
three-way catalyst) 134 to convert toxic components included in
the exhaust, that is, carbon monoxide (CO), hydrocarbons (HC), and
nitrogen oxides (NOx), into harmless components, and is discharged
to the outside air.

[0023] The engine 22 is under operation control of the engine
electronic control unit (hereafter referred to as engine ECU) 24.
The engine ECU 24 is constructed as a microprocessor including a
CPU 24a, a ROM 24b that stores processing programs, a RAM 24c that
temporarily stores data, input and output ports (not shown), and
a communication port (not shown). The engine ECU 24 receives, via

its input port, signals from various sensors that measure and detect
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the operating conditions of the engine 22. The signals input into
the engine ECU 24 include a crank position from a crank position
sensor 140 detected as the rotational position of the crankshaft
26, a cooling water temperature from a water temperature sensor
142 measured as the temperature of cooling water in the engine 22,
a cam position from a cam position sensor 144 detected as the
rotational position of a camshaft driven to open and close the intake
valve 128 and an exhaust valve for gas intake and exhaust into and
from the combustion chamber, a throttle valve position from a
throttle valve position sensor 146 detected as the position of the
throttle valve 124, an air flow meter signal from an air flow meter
148 attached to an air intake conduit, an intake air temperature
from a temperature sensor 149 attached to the air intake conduit,
an air-fuel ratio AF of the air-fuel mixture from an air fuel ratio
sensor 135a, and an oxygen signal from an oxygen sensor 135b. The
engine ECU 24 outputs, via its output port, diverse control signals
and driving signals to drive and control the engine 22, for example,
driving signals to the fuel injection valve 126, driving signals
to a throttle valve motor 136 for regulating the position of the
throttle valve 124, control signals to an ignition coil 138
integrated with an igniter, and control signals to a variable valve
timing mechanism 150 to vary the open and close timings of the intake
valve 128. The engine ECU 24 communicates with the hybrid
electronic control unit 70. The engine ECU 24 receives control
signals from the hybrid electronic control unit 70 to drive and

control the engine 22, while outputting data regarding the
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. operating conditions of the engine 22 to the hybrid electronic
control unit 70 according to the requirements.

[0024] The power distribution integration mechanism 30 includes a
sun gear 31 as an external gear, a ring gear 32 as an internal gear
arranged concentrically with the sun gear 31, multiple pinion gears
33 engaging with the sun gear 31 and with the ring gear 32, and
a carrier 34 holding the multiple pinion gears 33 to allow both
their revolutions and their rotations on their axes. The power
distribution integration mechanism 30 is thus constructed as a
planetary gear mechanism including the sun gear 31, the ring gear
32, and the carrier 34 as rotational elements of differential
motions. The carrier 34, the sun gear 31, and the ring gear 32 of
the power distribution integration mechanism 30 are respectively
linked to the crankshaft 26 of the engine 22, to the motor MG1,
and to the reduction gear 35 via the ring gear shaft 32a. When the
motor MG1 functions as a generator, the power of the engine 22 input
via the carrier 34 is distributed into the sun gear 31 and the ring
gear 32 corresponding to their gear ratio. When the motor MGl
functions as a motor, on the other hand, the power of the engine
22 input via the carrier 34 is integrated with the power of the
motor MGl input via the sun gear 31 and is output to the ring gear
32. The power output to the ring gear 32 is transmitted from the
ring gear shaft 32a through a gear mechanism 60 and a differential
gear 62 and is eventually output to drive wheels 63a and 63b of
the hybrid vehicle 20.

[0025] The motors MGl and MG2 are constructed as known synchronous




motor generators that may be actuated both as a generator and as
a motor. The motors MGl and MG2 transmit electric powers to and
fromabattery 50 via inverters 41 and 42. Power lines 54 connecting
the battery 50 with the inverters 41 and 42 are structured as common
positive bus and negative bus shared by the inverters 41 and 42.
Such connection enables electric power generated by one of the
motors MGl and MG2 to be consumed by the other motor MG2 or MG1.
The battery 50 may thus be charged with a surplus of the power
generated by the motors MGl and MG2, while being discharged to
compensate for an insufficiency of the power generated by the motors
MG1 and MG2. The battery 50 is neither charged nor discharged upon
the balance of the input and output of electric powers between the
motors MGl and MG2. Both the motors MGl and MG2 are driven and
controlled by a motor electronic control unit (hereafter referred
to as motor ECU) 40. The motor ECU 40 inputs signals required for
driving and controlling the motors MG1 and MG2, for example, signals
representing rotational positions of rotors in the motors MGl and
MG2 from rotational position detection sensors 43 and 44 and signals
representing phase currents to be applied to the motors MGl and
MG2 from current sensors (not shown). The motor ECU 40 outputs
switching control signals to the inverters 41 and 42. The motor
ECU 40 establishes communication with the hybrid electronic control
unit 70 to drive and control the motors MGl and MG2 in response
to control signals received from the hybrid electronic control unit
70 and to output data regarding the operating conditions of the

motors MG1 and MG2 to the hybrid electronic control unit 70 according




to the requirements.

[0026] The battery 50 is under control and management of a battery
electronic control unit (hereafter referred to as battery ECU) 52.
The battery ECU 52 inputs signals required for management and
control of the battery 50, for example, an inter-terminal voltage
from a voltage sensor (not shown) located between terminals of the
battery 50, a charge-discharge current from a current sensor (not
shown) located in the power line 54 connecting with an output
terminal of the battery 50, and a battery temperature Tb from a
temperature sensor 51 attached to the battery 50. The battery ECU
52 outputs data regarding the operating conditions of the battery
50 by communication to the hybrid electronic control unit 70
according to the requirements. The battery ECU 52 computes a
remaining charge level or current state of charge (SOC) of the
battery 50 from integration of the charge-discharge current
measured by the current sensor, for the purpose of management and
control of the battery 50.

[0027] The hybrid electronic control unit 70 is constructed as a
microprocessor including a CPU 72, a ROM 74 that stores processing
programs, a RAM 76 that temporarily stores data, input and output
ports (not shown), and a communication port (not shown). The hybrid
electronic control unit 70 receives, via its input port, an ignition
signal from an ignition switch 80, a gearshift position SP or a
current setting position of a gearshift lever 81 from a gearshift
position sensor 82, an accelerator opening Acc or the driver's

depression amount of an accelerator pedal 83 from an accelerator
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pedal position sensor 84, a brake pedal position BP or the driver's
depression amount of a brake pedal 85 from a brake pedal position
sensor 86, and a vehicle speed V from a vehicle speed sensor 88.
The hybrid electronic control unit 70 establishes communication
with the engine ECU 24, the motor ECU 40, and the battery ECU 52
via its communication port to receive and send the diversity of
control signals and data from and to the engine ECU 24, the motor
ECU 40, and the battery ECU 52 as mentioned above.

[0028] The hybrid vehicle 20 of the embodiment constructed as
described above sets a torque demand to be output to the ring gear
shaft 32a or the driveshaft, based on the vehicle speed V and the
accelerator opening Acc (corresponding to the driver's depression
amount of the accelerator pedal 83), and drives and controls the
engine 22 and the motors MGl and MG2 to ensure output of a power
demand equivalent to the preset torque demand to the ring gear shaft
32a. There are several drive control modes of the engine 22 and
the motors MG1 and MG2. In a torque conversion drive mode, while
the engine 22 is driven and controlled to output a required level
of power corresponding to the power demand, the motors MGl and MG2
are driven and controlled to enable all the output power of the
engine 22 to be subjected to torque conversion by the power
distribution integration mechanism 30 and the motors MGl and MG2
and to be output to the ring gear shaft 32a. In a charge-discharge
drive mode, the engine 22 is driven and controlled to output a
required level of power corresponding to the sum of the power demand

and electric power used to charge the battery 50 or discharged from
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the battery 50. The motors MGl and MG2 are driven and controlled
to enable all or part of the output power of the engine 22, which
is equivalent to the power demand with charge or discharge of the
battery 50, to be subjected to torque conversion by the power
distribution integration mechanism 30 and the motors MGl and MG2
and to be output to the ring gear shaft 32a. In a motor drive mode,
the motor MG2 is driven and controlled to ensure ocutput of a required
level of power corresponding to the power demand to the ring gear
shaft 32a, while the engine 22 stops its operation.

[0029] The description regards a series of operations to detect a
misfire in any of the cylinders of the engine 22 mounted on the
hybrid vehicle 20 of the embodiment constructed as described above.
Fig. 3 is an engine misfire detection routine executed by the engine
ECU 24. This engine misfire detection routine is performed
repeatedly at preset time intervals.

[0030] In the engine misfire detection routine, the CPU 24a of the
engine ECU 24 first inputs a 30-degree rotation time T30 computed
as a time required for a 30-degree rotation of the crankshaft 26,
and a catalyst warm-up control flag F identifying execution or
non-execution of catalyst warm-up acceleration control for
accelerating warm-up of the catalyst in the emission control device
134 (step S100). The 30-degree rotation time T30 is computed
according to a T30 computation routine shown in the flowchart of
Fig. 4. The T30 computation routine of Fig. 4 successively inputs
the time at every 30-degree rotation of the crank angle CA detected

by the crank position sensor 140 (step S5200) and computes the
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30-degree rotation time T30 as a difference between the current
time input at a current 30-degree rotation of the crank angle CA
and the previous time input at a previous 30-degree rotation of
the crank angle CA (step S210). The catalyst warm-up flag F is set
to 1 by the hybrid electronic control unit 70 when a permission
for control of accelerating the warm-up of the catalyst in the
emission control device 134 or catalyst warm-up acceleration
control is given in the case of uncompleted warm-up of the catalyst.
The catalyst warm-up flag F is set to 0 by the hybrid electronic
control unit 70, on the other hand, when the warm-up of the catalyst
has been completed or when the permission for catalyst warm-up
acceleration control is not given in the case of uncompleted warm-up
of the catalyét . The setting of the catalyst warm-up flagF is input
from the hybrid electronic control unit 70 by communication.
[0031] The CPU 24a subsequently checks the value of the input
catalyst warm-up control flag F (step S110). When the catalyst
warm-up control flag F is equal to 0, that is, in the case of
non-execution of the catalyst warm-up acceleration control, the
input 30-degree rotation time T30 is compared sequentially with
preset reference values Trefl and Tref2 (steps S120 and S.130) . The
reference value Trefl is greater than the reference value Tref2
and is used as a criterion for detecting intermittent engine
misfires with two misfired cylinders located across one fired
cylinder among the six cylinders of the engine 22 in the case of
non-execution of the catalyst warm-up acceleration control. The

reference value Tref2 is used as a criterion for detecting either




a single engine misfire with only one misfired cylinder among the
six cylinders of the engine 22 or consecutive engine misfires with
two consecutive misfired cylinders among the six cylinders of the
engine 22 in the case of non-execution of the catalyst warm-up
acceleration control. These reference values Trefl and Tref2 are
experimentally or otherwise determined. When the 30-degree
rotation time T30 is greater than the reference value Trefl, the
CPU 24a detects the occurrence of the intermittent engine misfires
(step S140) and exits from the engine misfire detection routine.
When the 30-degree rotation time T30 is not greater than the
reference value Trefl but is greater than the reference value Tref2,
the CPU 24a detects the occurrence of either the single engine
misfire or the consecutive engine misfires, executes a single
misfire consecutive misfire identification routine shown in the
flowchart of Fig. 5 to identify a current engine misfire pattern
either as the single engine misfire or as the consecutive engine
misfires (step S150), and exits from the engine misfire detection
routine.

[0032] The single misfire consecutive misfire identification
routine first inputs the 30-degree rotation time T30 (step S300),
computes a 360-degree difference A360 of the input 30-degree
rotation times T30 (step S310), and sets a peak of the computed
360-degree difference A360 as a misfired cylinder P1 (step S$320).
In the six-cylinder engine, explosive combustion of the air-fuel
mixture takes place at the crank angle CA of every 120 degrees.

The 360-degree difference A360 between a large 30-degree rotation
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time T30 for a misfired cylinder and a small 30-degree rotation
time T30 for anormally fired cylinder is greater than the 360-degree
difference A360 between 30-degree rotation times T30 for two
normally fired cylinders. A peak of the 360-degree difference A360
thus substantially corresponds to a misfired cylinder. 1In this
embodiment, the peak of the 360-degree difference A360 is set as
the misfired cylinder P1(A360). Fig. 6 shows a variation in
360-degree difference A360 in a 720-degree range of the crank angle
CA. In the illustrated example of Fig. 6, a cylinder corresponding
to the peak of the 360-degree difference A360 is specified as the
misfired cylinder P1. A cylinder explosively combusted
immediately before the misfired cylinder P1 is shown as a
pre-misfire cylinder PO. A cylinder explosively combusted
immediately after the misfired cylinder Pl is shown as a
post-misfire cylinder P2. The single misfire consecutive misfire
identification routine subsequently computes a 120-degree
difference A120 of the input 30-degree rotation times T30 (step
S330) and sets a peak of the computed 120-degree difference A120
as a misfired cylinder P1 (step S340) in the same manner as the
peak of the 360-degree difference A360. 1In the six-cylinder engine,
explosive combustion of the air-fuel mixture takes place at the
crank angle CA of every 120 degrees as mentioned previously. The
120-degree difference A120 between a large 30-degree rotation time
T30 for a misfired cylinder and a small 30-degree rotation time

T30 for a normally fired cylinder is greater than the 120-degree

difference Al120 between 30-degree rotation times T30 for two
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normally fired cylinders. A peak of the 120-degree difference A120
thus substantially corresponds to a misfired cylinder. In this
embodiment, the peak of the 120-degree difference A120 is set as
the misfired cylinder P1(A120). The 120-degree difference A120
in the 720-degree range of the crank angle CA has a similar variation
pattern to that of the 360-degree difference A360 shown in Fig.
6.

[0033] Identification indexes Jal, Ja2, and Ja3 are then calculated
(step S350). The identification index Jal is a ratio

A360(P0) /A360(P1) of a 360-degree difference A360(P0) of the
pre-misfire cylinder PO explosively combusted immediately before
the misfired cylinder P1 to the 360-degree difference A360(P1l) of
the misfired cylinder P1. The identification index Ja2 is a ratio
A360 (P2) /A360(P1) of a 360-degree difference A360(P2) of the
post-misfire cylinder P2 explosively combusted immediately after
the misfired cylinder P1 to the 360-degree difference A360(P1l) of
the misfired cylinder P1. The identification index Ja3 is a ratio
A120(P0) /A120(P1) of a 120-degree difference A120(P0) of the
pre-misfire cylinder PO explosively combusted immediately before
the misfired cylinder P1 to the 120-degree difference A120(P1l) of
the misfired cylinder P1. It is then determined respectively
whether the calculated identification index Jal is in a range
defined by threshold values All and Al2, whether the calculated
identification index Ja2 is in a range defined by threshold values
A21 and A22, and whether the calculated identification index Ja3

is in a range defined by threshold values A31 and A32 (step S360).
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The threshold values All and Al2 are given as a lower limit and
an upper limit in a single misfire range of the ratio

A360(P0) /A360(P1l) of the 360-degree difference A360(P0) of the
pre-misfire cylinder PO explosively combusted immediately before
the misfired cylinder P1 to the 360-degree difference A360(P1l) of
the misfired cylinder P1. The threshold values A21 and A22 are
given as a lower limit and an upper limit in a single misfire range
of the ratio A360(P2) /A360(Pl) of the 360-degree difference
A360(P2) of the post-misfire cylinder P2 explosively combusted
immediately after the misfired cylinder P1 to the 360-degree
difference A360(P1) of the misfired cylinder Pl1. The threshold
values A31 and A32 are given as a lower limit and an upper limit
in a single misfire range of the ratio A120(P0)/A120(Pl) of the
120-degree difference Al120(P0) of the pre-misfire cylinder PO
explosively combusted immediately before the misfired cylinder P1
to the 120-degree difference A120(P1l) of the misfired cylinder P1.
These threshold values All, Al2, A21, A22, A31l, and A32 are
experimentally or otherwise determined. The occurrence of the
single engine misfire is detected, based on the determination
results of step S360. When the calculated identification indexes
Jal, Ja2, and Ja3 are respectively in the range defined by the
threshold values All and Al12, in the range defined by the threshold
values A21 and A22, and in the range defined by the threshold values
A31 and A32, the CPU 24a identifies the current engine misfire
pattern as the single engine misfire (step S$370) and terminates

the single misfire consecutive misfire identification routine.
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When any of the calculated identification indexes Jal, Ja2, and
Ja3 is out of the range defined by the threshold values All and
Al2, the range defined by the threshold values A21 and A22, or the
range defined by the threshold values A31 and A32, the CPU 24a
identifies the current engine misfire pattern not as the single
engine misfire but as the consecutive engine misfires (step S380)
and terminates the single misfire consecutive misfire
identification routine.

[0034] Referring back to the engine misfire detection routine of
Fig. 3, when the catalyst warm-up control flag F is equal to 1 at
step S110, that is, during execution of the catalyst warm-up
acceleration control, the input 30-degree rotation time T30 is
compared sequentially with preset reference values Tref3 and Tref4
(steps S160 and S170). The reference value Tref3 is greater than
the reference value Tref4 and is used as a criterion for detecting
the consecutive engine misfires with two consecutive misfired
cylinders among the six cylinders of the engine 22 during execution
of the catalyst warm-up acceleration control. The reference value
Tref4 is used as a criterion for detecting either the single engine
misfire with only one misfired cylinder among the six cylinders
of the engine 22 or the intermittent engine misfires with two
misfired cylinders located across one fired cylinder among the six
cylinders of the engine 22 during execution of the catalyst warm-up
acceleration control. These reference values Tref3 and Tref4 are
experimentally or otherwise determined. The reference values

Tref3 and Tref4 may be respectively equal to or different from the
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reference values Trefl and Tref2. When the 30-degree rotation time
T30 is greater than the reference value Tref3, the CPU 24a detects
the occurrence of the consecutive engine misfires (step S180) and
exits from the engine misfire detection routine. When the
30-degree rotation time T30 is not greater than the reference value
Tref3 but is greater than the reference value Tref4, the CPU 24a
detects the occurrence of either the single engine misfire or the
intermittent engine misfires, executes a single misfire
intermittent misfire identification routine shown in the flowchart
of Fig. 7 to identify a current engine misfire pattern either as
the single engine misfire or as the intermittent engine misfires
(step S8190), and exits from the engine misfire detection routine.
[0035] The single misfire intermittent misfire identification
routine first inputs the 30-degree rotation time T30 (step S400),
computes the 360-degree difference A360 of the input 30-degree
rotation times T30 (step S410), and counts the number of peaks N360
exceeding a preset threshold value Bl of the 360-degree difference
A360 in the 720-degree range of the crank angle CA (step S420).
As mentioned previously, the misfired cylinder has a large
360-degree difference A360 in the six-cylinder engine. The number
of peaks N360 accordingly represents the number of misfired
cylinders among the six cylinders. The threshold value Bl is set
to be smaller than the 360-degree difference A360 for the misfired
cylinder in the occurrence of the single engine misfire or the
intermittent engine misfires but to be greater than the 360-degree

difference A360 for the normally fired cylinder in the occurrence
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of the single engine misfire or the intermittent engine misfires.
The threshold value Bl is experimentally or otherwise determined.
[0036] The single misfire intermittent misfire identification
routine subsequently computes the 120-degree difference Al120 of
the input 30-degree rotation times T30 (step S430) and counts the
number of peaks N120 exceeding a preset threshold value B2 of the
120-degree difference A120 in the 720-degree range of the crank
angle CA (step S440). As mentioned previously, the misfired
cylinder has a large 120-degree difference A120 in the six-cylinder
engine. The number of peaks N120 accordingly represents the number
of misfired cylinders among the six cylinders, like the number of
peaks N360. The threshold value B2 is set to be smaller than the
120-degree difference A120 for the misfired cylinder in the
occurrence of the single engine misfire or the intermittent engine
misfires but to be greater than the 120-degree difference A120 for
the normally fired cylinder in the occurrence of the single engine
misfire or the intermittent engine misfires. The threshold value
B2 is experimentally or otherwise determined.

[0037] It is then determined successively whether the number of
peaks N360 with regard to the 360-degree difference A360 is equal
to 1 and whether the number of peaks N120 with regard to the
120-degree difference A120 is equal to 1 (step S450). When both
the number of peaks N360 and the number of peaks N120 are equal
to 1, the CPU 24a identifies the current engine misfire pattern
as the single engine misfire (step S460) and terminates the single

misfire intermittent misfire identification routine. When




neither the number of peaks N360 nor the number of peaks N120 is
equal to 1, on the other hand, the CPU 24a identifies the current
engine misfire pattern as the intermittent engine misfires (step
S470) and terminates the single misfire intermittent misfire
identification routine. Fig. 8 shows variations in 360-degree
difference A360 and in 120-degree difference A120 against the crank
angle CA in the case of the single engine misfire. Fig. 9 shows
variations in 360-degree difference A360 and in 120-degree
difference A120 against the crank angle CA in the case of the
intermittent engine misfires. As clearly shown in these graphs,
the number of peaks N360 and the number of peaks N120 are both equal
to 1 in the case of the single engine misfire. The number of peaks
N360 and the number of peaks N120 are both equal to 2 in the case
of the intermittent engine misfires.

[0038] As described above, the engine misfire detection apparatus
for the internal combustion engine mounted on the hybrid vehicle
20 of the embodiment compares the 30-degree rotation time T30
computed as the time required for a 30-degree rotation of the
crankshaft 26 with the preset reference values Trefl and Tref2 and
distinctly detects the occurrence of the intermittent engine
misfires and the occurrence of either the single engine misfire
or the consecutive engine misfires, in the case of non-execution
of the catalyst warm-up acceleration control. During execution of
the catalyst warm-up acceleration control, on the other hand, the
engine misfire detection apparatus compares the 30-degree rotation

time T30 computed as the time required for a 30-degree rotation
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of the crankshaft 26 with the preset reference values Tref3 and
Tref4 and distinctly detects the occurrence of the consecutive
engine misfires and the occurrence of either the single engine
misfire or the intermittent engine misfires. This arrangement
ensures accurate detection of misfires of the engine 22, regardless
of execution or non-execution of the catalyst warm-up acceleration
control. In the case of non-execution of the catalyst warm-up
acceleration control, the single engine misfire is discriminated
from the consecutive engine misfires, based on the 360-degree
difference A360 and the 120-degree difference A120 of the 30-degree
rotation times T30. In the case of execution of the catalyst
warm-up acceleration control, on the other hand, the single engine
misfire is discriminated from the intermittent engine misfires,
based on the 360-degree difference A360 and the 120-degree

difference A120 of the 30-degree rotation times T30. This
arrangement ensures accurate and effective identification of
misfires of the engine 22, regardless of execution or non-execution
of the catalyst warm-up acceleration control.

[0039] In the engine misfire detection apparatus for the internal
combustion engine mounted on the hybrid vehicle 20 of the embodiment,
in the case of non-execution of the catalyst warm-up acceleration
control, the engine misfire detection procedure distinctly detects
the occurrence of either the single engine misfire or the
consecutive engine misfires from the occurrence of the intermittent
engine misfires and determines whether the identification indexes

Jal, Ja2, andJa3 are respectively in the range between the threshold
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values All and Al2, in the range between the threshold values A21
and A22, and in the range between the threshold values A31 and A32
to identify the current engine misfire pattern as the single engine
misfire or the consecutive engine misfires. One possible

modification may omit any one of these identification indexes Jal,
Jaz2, and Ja3 and use the remaining two identification indexes for

identification between the single engine misfire and the

consecutive engine misfires. Another possible modification may
omit any two of these identification indexes Jal, Ja2, and Ja3 and
use the remaining one identification index for identification
between the single engine misfire and the consecutive engine
misfires. The identification indexes Jal, Ja2, and Ja3 are not

restrictive but may be replaced by any other suitable

identification indexes for identification between the single
engine misfire and the consecutive engine misfires.

[0040]) In the engine misfire detection apparatus for the internal
combustion engine mounted on the hybrid vehicle 20 of the embodiment,
in the case of execution of the catalyst warm-up acceleration
control, the engine misfire detection procedure discriminates the
single engine misfire from the intermittent engine misfires, based
on the number of peaks N360 with regard to the 360-degree difference
A360 and the number of peaks N120 with regard to the 120-degree

difference A120 in the 720-degree range of the crank angle CA. One

possible modification may discriminate the single engine misfire
from the intermittent engine misfires, based on only the number

of peaks N360 with regérd to the 360-degree difference A360 in the
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720-degree range of the crank angle CA. Another possible
modification may discriminate the single engine misfire from the
intermittent engine misfires, based on only the number of peaks
N120 with regard to the 120-degree difference A120 in the 720-degree
range of the crank angle CA. The number of peaks N360 with regard
to the 360-degree difference A360 and the number of peaks N120 with
regard to the 120-degree difference A120 in the 720-degree range
of the crank angle CA are not restrictive but may be replaced by
any other suitable indexes for identification between the single
engine misfire and the intermittent engine misfires.

(0041) The embodiment regards the engine misfire detection
apparatus for the engine 22 mounted on the hybrid vehicle 20, which
is equipped with the power distribution integration mechanism 30
connected to the crankshaft 26 of the engine 22, to the rotating
shaft of the motor MGl, and to the ring gear shaft 32a or the
driveshaft and with the motor MG2 connected to the ring gear shaft
32a via the reduction gear 35. The engine misfire detection
apparatus for the engine 22 may be mounted on a hybrid vehicle 120
of a modified structure shown in Fig. 10. In the hybrid vehicle
120 of Fig. 10, the power of the motor MG2 is connected to another
axle (an axle linked with wheels 64a and 64b) that is different
from the axle connecting with the ring gear shaft 32a (the axle
linked with the drive wheels 63a and 63b). The engine misfire
detection apparatus for the engine 22 may also be mounted on a hybrid
vehicle 220 of another modified structure shown in Fig. 11. The

hybrid vehicle 220 of Fig. 11 is equipped with a pair-rotor motor
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230. The pair-rotor motor 230 includes an inner rotor 232 connected
to the crankshaft 26 of the engine 22 and an outer rotor 234 connected
to a driveshaft for power output to the drive wheels 63a and 63b.
The pair-rotor motor 230 transmits part of the output power of the
engine 22 to the driveshaft, while converting the residual engine
output power into electric power.

[0042] The technique of the invention is not restricted to the engine
misfire detection apparatus for the internal combustion engine
mounted on the hybrid vehicle but may be actualized as the engine
misfire detection apparatus for the internal combustion engine
mounted on any of various vehicles and other moving bodies as well
as for the internal combustion engine built in any of construction
equipment and other stationary machinery. Another application of
the invention is an engine misfire detection method for the internal
combustion engine.

[0043] The embodiment and its modified examples discussed above are
tobe considered inall aspects as illustrative and not restrictive.
There may be many other modifications, changes, and alterations
without departing from the scope or spirit of the main

characteristics of the present invention.

Industrial Applicability

[0044]) The technique of the invention is preferably applied to the
manufacturing industries of various equipment and apparatuses
including a built-in internal combustion engine as well as

automobiles equipped with an internal combustion engine.
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CLAIMS

1. An engine misfire detection apparatus for detecting a
misfire of a multi-cylinder internal combustion engine in a hybrid
system where the internal combustion engine is equipped with an
emission control device for emission control in an exhaust system,

the engine misfire detection apparatus comprising:

a rotational position detector that detects a rotational
position of an output shaft of the internal combustion engine;

a unit angle rotation time computation module that computes
aunit angle rotation time, as a time required for rotation of every
preset unit rotational angle of the output shaft of the internal
combustion engine, from the detected rotational position; and

an engine misfire identification module that, when the
internal combustion engine is under warm-up acceleration control
for accelerating warm-up of the emission control device, divides
multiple engine misfire patterns into at least two preset groups
based on the computed unit angle rotation time and identifies a
current engine misfire among the multiple engine misfire patterns,

when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire identification module
dividing the multiple engine misfire patterns into plural groups
different from the preset groups based on the computed unit angle

rotation time and identifying the current engine misfire among the

multiple engine misfire patterns.




2. The engine misfire detection apparatus in accordance with
claim 1, wherein the multiple engine misfire patterns identified
by the engine misfire identification module include a single engine
misfire pattern with only one misfired cylinder among the multiple
cylinders of the internal combustion engine, a consecutive engine
misfire pattern with two consecutive misfired cylinders among the
multiple cylinders, and an intermittent enginemisfire patternwith
two misfired cylinders located across one fired cylinder among the

multiple cylinders.

3. The engine misfire detection apparatus in accordance with
claim 2, wherein when the internal combustion engine is under the
warm-up acceleration control, the engine misfire identification
module divides the multiple engine misfire patterns into a group
of the single engine misfire pattern and the intermittent engine
misfire pattern and a group of the consecutive engine misfire
pattern based on the computed unit angle rotation time and
identifies the current engine misfire among the multiple engine
misfire patterns,

when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire identification module
dividing the multiple engine misfire patterns into a group of the
single engine misfire pattern and the consecutive engine misfire
pattern and a group of the intermittent engine misfire pattern based
on the computed unit angle rotation time and identifying the current

engine misfire among the multiple engine misfire patterns.
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4. The engine misfire detection apparatus in accordance with
claim 3, wherein when the internal combustion engine is under the.
warm-up acceleration control, the engine misfire identification
module identifies the current engine misfire as the group of the
consecutive engine misfire pattern in response to the computed unit
angle rotation time that exceeds a preset first time, and identifies
the current engine misfire as the group of the single engine misfire
pattern and the intermittent engine misfire pattern in response
to the computed unit angle rotation time that does not exceed the
preset first time but exceeds a preset second time shorter than
the first time,

when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire identification module
identifying the current engine misfire as the group of the
intermittent engine misfire pattern in response to the computed
unit angle rotation time that exceeds a preset third time, and
identifying the current engine misfire as the group of the single
engine misfire pattern and the consecutive engine misfire pattern
in response to the computed unit angle rotation time that does not
exceed the preset third time but exceeds a preset fourth time shorter

than the third time.

5. The engine misfire detection apparatus in accordance with
claim 3, wherein when the internal combustion engine is under the

warm-up acceleration control, the engine misfire identification
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module discriminates the group of the single engine misfire pattern
and the intermittent engine misfire pattern from the group of the
consecutive engine misfire pattern and identifies the current
engine misfire between the single engine misfire pattern and the
intermittent engine misfire pattern based on a preset angle

difference of the computed unit angle rotation time.

6. The engine misfire detection apparatus in accordance with
claim 5, wherein when the internal combustion engine is under the
warm-up acceleration control, the engine misfire identification
module discriminates the group of the single engine misfire pattern
and the intermittent engine misfire pattern from the group of the
consecutive engine misfire pattern and identifies the current
engine misfire between the single engine misfire pattern and the
intermittent engine misfire pattern based on either of a 360-degree
difference and a 120-degree difference of the computed unit angle

rotation time.

7. The engine misfire detection apparatus in accordance with
claim 6, wherein when the internal combustion engine is under the
warm-up acceleration control, the engine misfire identification
module discriminates the group of the single engine misfire pattern
and the intermittent engine misfire pattern from the group of the
consecutive engine misfire pattern and identifies the current
engine misfire as the single engine misfire pattern in response

to the 360-degree difference exceeding a preset first threshold
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value only once in a 720-degree range and the 120-degree difference
exceeding a preset second threshold value only once in the
720-degree range, while identifying the current engine misfire as
the intermittent engine misfire pattern in response to the
360-degree difference exceeding the preset first threshold value
twice in the 720-degree range and the 120-degree difference
exceeding the preset second threshold value twice in the 720-degree

range.

8. The engine misfire detection apparatus in accordance with
claim 3, wherein when the internal combustion engine is not under
the warm-up acceleration control, the engine misfire
identification module discriminates the group of the single engine
misfire pattern and the consecutive engine misfire pattern from
the group of the intermittent engine misfire pattern and identifies
the current engine misfire between the single engine misfire
pattern and the consecutive engine misfire pattern based on a preset

angle difference of the computed unit angle rotation time.

9. The engine misfire detection apparatus in accordance with
claim 8, wherein when the internal combustion engine is not under
the warm-up acceleration control, the engine misfire
identification module discriminates the group of the single engine
misfire pattern and the consecutive engine misfire pattern from
the group of the intermittent engine misfire pattern and identifies

the current engine misfire between the single engine misfire




pattern and the consecutive engine misfire pattern based on either
of a 360-degree difference and a 120-degree difference of the

computed unit angle rotation time.

10. Theenginemisfire detection apparatus in accordance with
claim 9, wherein when the internal combustion engine is not under
the warm-up acceleration contrcl, the engine misfire
identification module discriminates the group of the single engine
misfire pattern and the consecutive engine misfire pattern from
the group of the intermittent engine misfire pattern and identifies
the current engine misfire as the single engine misfire pattern
based on patterns of the 360-degree difference and the 120-degree |
difference of the computed unit angle rotation time, while
identifying the current engine misfire as the consecutive engine
misfire pattern in response to failed identification as the single
engine misfire pattern based on the patterns of the 360-degree
difference and the 120-degree difference of the computed unit angle

rotation time.

11. The enginemisfire detection apparatus in accordance with
claim 1, wherein the engine misfire identification module divides
the multiple engine misfire patterns into the at least two groups
based on the computed unit angle rotation time and identifies the
current engine misfire in one of the at least two groups based on

a preset angle difference of the computed unit angle rotation time.
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12. The engine misfire detection apparatus in accordance with
claim 11, wherein the preset angle difference is either of a

360-degree difference and a 120-degree difference.

13. An engine misfire detection method of detecting a misfire
of a multi-cylinder internal combustion engine in a hybrid system
where the internal combustion engine is equipped with an emission
control device for emission control in an exhaust system,

when the internal combustion engine is under warm-up
acceleration control for accelerating warm-up of the emission
control device, the engine misfire detection method computing a
unit angle rotation time, as a time required for rotation of every
preset unit rotational angle of an output shaft of the internal
combustion engine, from a rotational position of the output shaft
of the internal combustion engine, dividingmultiple engine misfire
patterns into at least two preset groups based on the computed unit
angle rotation time, and identifying a current engine misfire among
the multiple engine misfire patterns,

when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire detection method
computing the unit angle rotation time, dividing the multiple
engine misfire patterns into plural groups different from the
preset groups based on the computed unit angle rotation time, and

identifying the current engine misfire among the multiple engine

misfire patterns.




14. The engine misfire detection method in accordance with
claim 13,

wherein the multiple enginemisfire patterns include a single
engine misfire pattern with only one misfired cylinder among the
multiple cylinders of the internal combustion engine, a consecutive
engine misfire pattern with two consecutive misfired cylinders
among the multiple cylinders, and an intermittent engine misfire
pattern with two misfired cylinders located across one fired
cylinder among the multiple cylinders, and

when the internal combustion engine is under the warm-up
acceleration control, the engine misfire detection method divides
the multiple engine misfire patterns into a group of the single
engine misfire pattern and the intermittent engine misfire pattern
and a group of the consecutive engine misfire pattern based on the
computed unit angle rotation time and identifies the current engine
misfire among the multiple engine misfire patterns,

when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire detection method dividing
the multiple engine misfire patterns into a group of the single
engine misfire pattern and the consecutive engine misfire pattern
and a group of the intermittent engine misfire pattern based on
the computed unit angle rotation time and identifying the current

engine misfire among the multiple engine misfire patterns.

15. The engine misfire detection method in accordance with

claim 14, wherein when the internal combustion engine is under the
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warm-up acceleration control, the engine misfire detection method
identifies the current engine misfire as the group of the
consecutive engine misfire pattern in response to the computed unit
angle rotation time that exceeds a preset first time, and identifies
the current engine misfire as the group of the single engine misfire
pattern and the intermittent engine misfire pattern in response
to the computed unit angle rotation time that does not exceed the
preset first time but exceeds a preset second time shorter than
the first time,

when the internal combustion engine is not under the warm-up
acceleration control, the engine misfire detection method
identifying the current engine misfire as the group of the
intermittent engine misfire pattern in response to the computed
unit angle rotation time that exceeds a preset third time, and
identifying the current engine misfire as the group of the single
engine misfire pattern and the consecutive engine misfire pattern
in response to the computed unit angle rotation time that does not
exceed the preset third time but exceeds a preset fourth time shorter

than the third time.

16. The engine misfire detection method in accordance with
claim 14, wherein when the internal combustion engine is under the
warm-up acceleration control, the engine misfire detection method
discriminates the group of the single engine misfire pattern and
the intermittent engine misfire pattern from the group of the

consecutive engine misfire pattern and identifies the current
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engine misfire between the single engine misfire pattern and the
intermittent engine misfire pattern based on a preset angle

difference of the computed unit angle rotation time.

17. The engine misfire detection method in accordance with
claim 16, wherein when the internal combustion engine is under the
warm-up acceleration control, the engine misfire detection method
discriminates the group of the single engine misfire pattern and
the intermittent engine misfire pattern from the group of the
consecutive engine misfire pattern and identifies the current
engine misfire between the single engine misfire pattern and the
intermittent engine misfire pattern based on either of a 360-degree
difference and a 120-degree difference of the computed unit angle

rotation time.

18. The engine misfire detection method in accordance with
claim 17, wherein when the internal combustion engine is under the

warm-up acceleration control, the engine misfire detection method

discriminates the group of the single engine misfire pattern and
the intermittent engine misfire pattern from the group of the
consecutive engine misfire pattern and identifies the current
engine misfire as the single engine misfire pattern in response
| to the 360-degree difference exceeding a preset first threshold
value only once in a 720-degree range and the 120-degree difference
exceeding a preset second threshold value only once in the

720-degree range, while identifying the current engine misfire as
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the intermittent engine misfire pattern in response to the
360-degree difference exceeding the preset first threshold value
twice in the 720-degree range and the 120-degree difference
exceeding the preset second threshold value twice in the 720-degree

range.

19. The engine misfire detection method in accordance with
claim 14, wherein when the internal combustion engine is not under
the warm-up acceleration control, the engine misfire detection
method discriminates the group of the single engine misfire pattern
and the consecutive engine misfire pattern from the group of the
intermittent engine misfire pattern and identifies the current
engine misfire between the single engine misfire pattern and the
consecutive engine misfire pattern based on a preset angle

difference of the computed unit angle rotation time.

20. The engine misfire detection method in accordance with
claim 19, wherein when the internal combustion engine is not under
the warm-up acceleration control, the engine misfire detection
method discriminates the group of the single engine misfire pattern
aﬁd the consecutive engine misfire pattern from the group of the
intermittent engine misfire pattern and identifies the current
engine misfire between the single engine misfire pattern and the
consecutive engine misfire pattern based on either of a 360-degree

difference and a 120-degree difference of the computed unit angle

rotation time.
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21. The engine misfire detection method in accordance with
claim 20, wherein when the internal combustion engine is not under
the warm-up acceleration control, the engine misfire detection
method discriminates the group of the single engine misfire pattern
and the consecutive engine misfire pattern from the group of the
intermittent engine misfire pattern and identifies the current
engine misfire as the single engine misfire pattern based on
patterns of the 360-degree difference and the 120-degree difference
of the computed unit angle rotation time, while identifying the
current engine misfire as the consecutive engine misfire pattern
in response to failed identification as the single engine misfire
pattern based on the patterns of the 360-degree difference and the

120-degree difference of the computed unit angle rotation time.

22. The engine misfire detection method in accordance with
claim 13, wherein the engine misfire detection method divides the
multiple engine misfire patterns into the at least two groups based
on the computed unit angle rotation time and identifies the current
engine misfire in one of the at least two groups based on a preset

angle difference of the computed unit angle rotation time.
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FIG. 3
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FIG. 5
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FIG. 7
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